ABSTRACT In a cross sectional study of a working population of black South African gold miners a sample of 1197 older miners was examined. Airway reactivity determined by a greater than 10% response of the forced expiratory volume in one second (FEV,) to inhaled salbutamol was detected in 139 (12%) of the men. No relation was found between the extent of exposure to the underground environment and the frequency of airway reactivity. There was evidence of increased chronic airflow limitation in the men with reactive airways. This increase persisted after controlling for age, tobacco smoking, and for the presence and degree ofsilicosis. On average, the presence ofreactive airways was associated with reduced (after bronchodilator) forced vital capacity (FVC) of 118 ml, 95% confidence interval (CI) 16 to 220 ml, FEVY of 168 ml (95% CI 74-262 ml), FEV,/FVC% of 3% (95% CI 2X3-3-7%), and maximal mid-expiratory flow of 300 ml/s (95% CI 86-S514 ml/s). Although there was no evidence that airway reactivity was induced by this occupational exposure, those with reactive airways appeared to be more susceptible to the adverse effects of the underground environment on the bronchial tree.
confidence interval (CI) 16 to 220 ml, FEVY of 168 ml (95% CI 74-262 ml), FEV,/FVC% of 3% (95% CI 2X3-3-7%), and maximal mid-expiratory flow of 300 ml/s (95% CI 86-S514 ml/s). Although there was no evidence that airway reactivity was induced by this occupational exposure, those with reactive airways appeared to be more susceptible to the adverse effects of the underground environment on the bronchial tree. Airway reactivity may be described as a state of hyperresponsiveness of the bronchi that is shown by their constriction in response to generally innocuous stimuli. Airway reactivity is probably the hallmark of asthma and is also apparent in a proportion of the population who are not considered to be asthmatic. In their study of the epidemiology of chronic airflow limitation (CAL) Dutch workers hypothesised that CAL occurs predominantly in smokers, whose airways are hyperresponsive.' There is increasing acceptance of this view and every reason to believe that individuals who respond to atmospheric pollution in the workplace may also be thus predisposed by their airway reactivity.2
In large population surveys measurement of airway reactivity by provocation testing is time consuming, potentially dangerous, and uncomfortable for the subjects.3 Attempts have been made to establish whether airway reactivity could be predicted by respiratory questionnaires.
In the present study a group of gold miners was examined to determine the prevalence of airway reactivity and examine its relation to lung function and to respiratory symptoms. Accepted 6 February 1989 
Methods
The study population was a working population of black men employed underground in the gold mines in the Orange Free State province of South Africa. The sampling frame consisted of men who were found on routine radiological surveillance to have silicosis4 and men without silicosis matched for age and for the day of their miniature chest radiographs with each man with silicosis. The purpose of the design of this sampling frame was to select men with considerable exposure to the mining environment and to obtain good contrast with silicosis, the determinant of interest for the purpose of the main object of the study (which is presented elsewhere5). The study sample was selected by inviting participation from men with silicosis and men without silicosis in a ratio of 5:2 consecutively, in the same order in which they had been entered into the sampling frame, until the predetermined end of the study period.
Each man who participated in the study answered an occupational questionnaire and a respiratory questionnaire, each conducted by an interviewer. The questionnaires were specifically designed for this population and were conducted in each subject's language. One Cowie ex-smokers, and 350 non-smokers. Airway reactivity was detected in 10-3% of the smokers, which did not differ from the 11 1% of the non-smokers but did differ from the 16-0% of the ex-smokers with airway reactivity (p = 0.023). Tables I and 2 No significant relation, between the frequency of airway reactivity and the FEV, was apparent in the 1163 men who had FEV, in excess of 2 1. 
Discussion
In this study the definition of airway reactivity differs from conventional definitions based on the dose of inhaled methacholine or histamine which produces a drop of 20% in the FEV,. The definition using a response to a beta-adrenergic agonist has been used by others'>'2 and is considered by several other authors to be comparable with that determined by provocation.'3"4 The bronchodilator response is probably less sensitive than the provocation techniques in determining airway reactivity but there is no reason to believe that it is not specific. Beta-agonists have been shown to reverse completely the bronchoconstriction induced by provocation tests'5 and both methods may test the same phenomenon. The prevalence of airway reactivity in this population (11-6%) is similar to that described in other populations including a rural Australian population (11.4%)12: it is higher than might have been expected for this group of men who originate from rural areas of southern Africa where the prevalence of asthma is low. 16 The choice of a more than 10% increase in FEV, after salbutamol is less than that usually used for clinical diagnostic purposes but seems to have been appropriate in this epidemiological study. By making the test more sensitive and thus less specific, there would be a tendency to diminish any differences between those with a positive and those with a negative test result. Thus, if anything, the differences in lung function shown between those with and those without airway reactivity have been understated. Similarly, the failure to identify those with airway reactivity by their symptoms would have been even more striking if a stricter definition of airway reactivity had been used. This study has been unable to show any relation between the presence of airway reactivity and this occupational exposure. The stable prevalence of airway reactivity across the range of about 10 to 40 years of underground work makes it unlikely that this exposure causes airway reactivity. On the other hand, for any given duration of exposure to dust and controlling for tobacco smoking, lung function is significantly reduced in those with airway reactivity. This finding suggests that men with airway reactivity are more susceptible to the effects of this occupational exposure on the bronchial tree. It has been argued that airway reactivity simply reflects rather than explains reduced airway calibre'7 but in this working population less than 3% had a FEV, below 21 and although airway reactivity was more frequent in this small group (p < 0'05), there was no significant influence of airway calibre apparent in the remaining 97% of the sample.
No relation has been shown between the presence and degree of silicosis and the frequency of airway reactivity.
As has been the case in other studies,12 141819 the present study has shown that respiratory symptoms, including a history of wheezing, nocturnal cough, nocturnal dyspnoea, and variable dyspnoea, do not adequately predict airway reactivity. In this respect the data from the present study have been similar to those studies in which provocation tests were used to determine airway reactivity.
Smoking has been shown to increase airway reactivity in several studies'2 17202' but in the present study and in that of Dales et al there was no increase in aurway reactivity in smokers.'8 There was a small increase in the frequency of airway reactivity in exsmokers compared with current smokers.
The frequency of airway reactivity has been shown to increase with increasing age in other studies. 19 2' No such relation, however, was shown in the present study which, in that respect, is similar to those of Woolcock et al 12 and of Weiss et al.22 In conclusion, the findings of this study suggest that gold miners with reactive airways are more susceptible to the adverse effects of the underground environment in which they work. Those with reactive airways have a greater degree of chronic airflow limitation at every level of occupational exposure than do those without evidence ofairway reactivity. There is no evidence that airway reactivity is induced by this occupational exposure.
